DESCRIPTION 

SOLID-STATE IMAGING APPARATUS AND MANUFACTURING METHOD FOR THE 
SAME 

Technical Field 

The present invention relates to a solid-state imaging 
apparatus used for a digital camera and so on, and a manufacturing 
method for the same. 

Background Art 

Among solid-state imaging apparatuses, MOS (Metal Oxide 
Semiconductor) type imaging apparatuses include pixels 
two-dimensionallydisposedona substrate , eachof which subjects 
input light to photoelectric conversion'perf ormedby aphotodiode 
disposed in the pixel to generate signal charge, and amplifies 
the generated signal charge by an amplification circuit placed 
in the pixel. The amplified signal charge is to be read out from 
the pixel . Such MOS type imaging apparatuses can be driven with 
a low voltage and low power consumption . Also, an imaging region 
and a drive circuit region that drives the imaging region can 
be realized as one chip. In other words, they can be formed 
on one substrate. Therefore, the MOS type imaging apparatuses 
are attracting considerable attention as image input devices 
of portable appliances. 
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Conventional MOS type imaging apparatuses are structured 
in such a manner that the imaging region and the drive circuit 
region are formed on one silicon substrate (hereinafter called 
the "Si substrate") based on CMOS (Complementary Metal Oxide 
Semiconductor) processing technology. In the CMOS processing 
technology, apparatuses and processes have been designed and 
developed with the main aim of making the driving speed faster. 

The imaging region includes a plurality of pixels that 
are disposed on the Si substrate two-dimensionally (e.g. in a 
shape of a matrix) . Each pixel includes a photodiode unit for 
converting received light to signal charge , a MOS type transistor 
for performing a switching function, and a MOS type transistor 
for amplifying signals. 

The signal charge generated in the photodiode unit by the 
photoelectric conversion is amplified in each pixel by a 
switching operation based on instruction signals received from 
a vertical shift resistor register and a horizontal shift 
resistor register , which are included in a drive circuit region 
described later. Then the amplified signal is to be read out 
from each pixel . 

Every MOS type transistor included in the imaging region 
is of an n- channel MOS type. 

The drive circuit region includes four main circuits, 
namely a timing generator circuit, a vertical shift resistor 
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register , a horizontal shift resistor registe r and a pixel 
selection circuit. Every MOS type transistor included in the 
drive circuit region has a CMOS structure , which is a combination 
of an n- channel MOS type and a p- channel MOS type. 

The n-channel MOS type transistors in the imaging region 
and the n-channel MOS type transistors in the drive circuit region 
usually have the same structure. 

The following describes the circuit structure of the 
horizontal shift resistor register , with reference to FIG. 10. 
Generally, the horizontal shift resistor register has several 
stages . The number of the stages is in accordance with the number 
of pixel lines . FIG. 10 shows only the 1 st stage of the horizontal 
shift resistor register . 

As FIG. 10 shows, the 1 st stage SO of the horizontal shift 
resistor register includes four switches 51, 54, 55 and 58, and 
four inverters 52, 53, 56 and 57. Each of the switches 51, 54, 
55 and 58, and each of the inverters 52, 53, 56 and 57 includes 
a pair of an n-channel MOS type transistor and a p-channel MOS 
type transistor. 

The inverters 52 and 53 are connected in series with each 
other. The pair of inverters 52 and 53 is connected in parallel 
with the switch 54. The switch 51 is connected in series with 
the group of the inverters 52 and 53 and the switch 54 that are 
in the above-described relation. 
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The switches 55 and 58 and the inverters 56 and 57 have 
the same relation as described above. 

The 1 st stage 50 of the horizontal shift rcoiotor register , 
having such a structure, starts the driving operation when being 
applied a start pulse VST by the switch 51 , and outputs an operation 
pulse of the 1 st stage to the pixel selection circuit when being 
applied a clock pulse CK1 and its inversion pulse CK2 twice for 
each. Then, the horizontal shift rcoiotor register outputs 
operation pulses of the 2 nd and 3 rd stages sequentially. 

The following describes the device structure of a 
transistor (CMOS type) in the 1 st stage of the horizontal shift 
rcoiotor register , with reference to FIG. 11. FIG. 11 is a 
cross- sectional view showing the device structure of the 
above-described switches 51, 54, 55 and 58, or inverters 52, 
53, 56 and 57. 

As FIG. 11 shows, an n-well 62 and a p-well 63 are formed 
underneath the surface of the Si substrate 61 with an interval. 

A gate insulator 64 is formed on the surfaces of the Si 
substrate 61 so as to cover the n-well 62 and the p-well 63. 
Gate electrodes 67 and 70 are formed on the surface of the gate 
insulator 64 so as to be on a substantially center portions of 
the wells respectively. 

Source regions 65 and [ [69] ] 6_8 , and drain regions 66 and 
[[68]] 6_9 are formed underneath the boundary portion between 
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the gate insulator 64 and the wells 62 and 63. 

In such a manner, a p- channel MOS type transistor is formed 
on the Si substrate 61 from three electrodes, namely the gate 
electrode 67 , the source region 65 and the drain region 66 . Also, 
an n-channel MOS type transistor is formed on the Si substrate 
61 from three electrodes , namely the gate electrode 70 , the source 
region 68, and the drain region 69. 

The MOS type imaging apparatus having the CMOS structure 
is formed through following steps 1 to 15aimed at the Si substrate 
61. 

1. Form a resist for forming the n-well 62. 

2. Form the n-well 62. 

3. Remove the resist for forming the' n-well 62. 

4. Form a resist for forming the p-well 63. 

5. Form the p-well 63. 

6. Remove the resist for forming the p-well 63. 

7. Form the gate insulator 64. 

8. Form the gate electrodes 67 and 70. 

9. Form a resist for forming the source region 65 / the drain 
region 66 of n-channel MOS type. 

10. Form the source region 65 / the drain region 66 of n-channel 
MOS type. 

11. Remove the resist for forming the source region 65 / the 
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drain region 66 of n- channel MOS type. 

12. Form a resist for forming the source region 68 / the drain 
region 69, which are of p- channel MOS type. 

13. Form the source region 68 / the drain region 69 of p-channel 
MOS type . 

14. Remove the resist for forming the source region 68 / the 
drain region 69 of p-channel MOS type. 

15. Form the photodiode unit. 

However, the conventional MOS type imaging apparatuses 
manufactured based on such a CMOS processing technology might 
suffer, in the imaging region, leakage current in the photodiode 
unit and characteristic deterioration in the amplification 
circuit during the driving operation, which become causes of 
a noise. When a noise is caused in the imaging region, it is 
amplified and output with the signal charge, resulting in 
deterioration of the image quality. 

Disclosure of the Invention 

In view of the above problem, the present invention aims 
to provide a solid-state imaging apparatus that realizes less 
leakage current, high image quality and low noise during the 
driving operation, and manufacturing method for the same. 

The object can be achieved by a solid-state imaging 
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apparatus that includes an imaging region and a drive circuit 
region both formed on one semiconductor substrate, the imaging 
region including an active -type unit pixel in which a photodiode 
unit generates signal charge by photoelectric conversion and 
an amplification unit amplifies the signal charge, the drive 
circuit region being for driving the photodiode unit and the 
amplification unit, the imaging region and the drive circuit 
region including one or more transistors respectively, wherein 
the transistors in the imaging region and the drive circuit region 
have a same channel polarity. 

In the stated solid-state imaging apparatus, all the 
transistors included in the imaging region and the drive circuit 
region have the same channel polarity. Therefore, as to the 
stated apparatus, the number of processes required for forming 
all the transistors in both regions is only approximately a half 
the number of processes required for manufacturing the 
conventional solid-state imaging apparatus with use of the CMOS 
processing technology. This means that the imaging region 
suffers less damage during the process for forming the 
transistors . 

In other words, the stated solid-state imaging apparatus 
has an advantage that it suffers less noise in the amplification 
unit and less leakage current in the photodiode unit, and 
therefore suffers less deterioration of the image quality caused 
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by the noise and the leakage current . 

Note that the u active-type unit pixel" means a pixel that 
is formed with a photodiode unit for subjecting the input light, 
which is input to an area corresponding to a unit pixel, to the 
photoelectric conversion, and an amplification unit for 
amplifying the converted signal. 

For realizing a high-speed driving of the apparatus, it 
is preferable that the transistors are of an n- channel MOS type. 

For reducing the power consumption, it is preferable that 
the drive circuit region includes a dynamic circuit that includes 
a capacitor for accumulating electric charge and a transistor 
for performing a switching function. 

Usually, a plurality of active- type unit pixels are formed 
in the imaging region in the solid-state imaging apparatus. 
Methods, such as scanning method, a random access method, an 
edge detection method, are used as for reading signal charge 
from the plurality of the active-type unit pixels . Inparticular , 
for performing the scanningmethod to realize high- speeddriving, 
it is preferable that the imaging region includes a plurality 
of the active-type unit pixels, and the drive circuit region 
includes a pixel selection circuit for selecting one active - type 
unit pixel from the plurality of the active-type unit pixels 
and a shift rcoistor register circuit for outputting a selection 
instruction signal to the pixel selection circuit. 
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For reducing the power consumption, it is preferable that 
the imaging region includes a transistor for performing a 
switching function based on a signal received from the drive 
circuit region, and the signal charge is output to the 
amplification unit while the transistor is ON. 

In a case where the gate length of the transistors is as 
minute as 0 . 6 jjl m or even less, the conventional CMOS processing 
technology might cause an increase of the leakage current in 
the photodiode unit and an increase of the noise in the 
amplification unit during the driving operation. This is because 
the short channel effect is accelerated as the number of heating 
processes increases , and the amplification unit or the photodiode 
unit suffers damage when the resists are removed. 

On the other hand, when the transistors have the same 
channel polarity as in the solid-state imaging apparatus of the 
present invention, the increase of leakage current during the 
driving operation is to be suppressed, because the number of 
heating processes and the number of processes for removing the 
resists are reduced in the present invention. Therefore, it 
is advantageous when the transistor is of a MOS type, of which 
a gate length is equal to or less than 0.6 /im (a design rule 
for the value of the gate length defined to be equal to or less 
than 0 . 6 £/ m) . 

In the conventional solid-state imaging apparatus, the 
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gate electrode of the transistor is formed on the insulator film 
covering the semiconductor substrate. When the gate insulator 
is a thin film having a thickness which is not more than 2 0 (nm) , 
the leakage current very frequently occurs between the gate 
insulator film and the semiconductor substrate. However, if 
the transistors have the same channel polarity as in the 
solid-state imaging apparatus of the present invention, less 
leakage current occurs even when the solid-state imaging 
apparatus includes such a thin gate insulator. 

Also, the leakage current can be reduced when the 
transistor is of a MOS type, of which a film thickness of a gate 
insulator is in a range from 1 nm to 2 0 nm. 

Such solid-state imaging apparatus can be built into a 
camera and so on, as an input image sensor, which can gain 
high-quality images. 

The manufacturing method for the solid-state imaging 
apparatus of the present invention comprises steps of: forming, 
on a semiconductor substrate, an imaging region including a 
photodiode unit for converting input light into signal charge 
and an amplification unit for amplifying the signal charge; and 
forming, on the semiconductor substrate, a drive circuit region 
for driving the imaging region, wherein MOS type transistors 
having a same channel polarity are formed in both steps for forming 
the imaging region and the drive circuit region respectively. 
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In this manufacturing method, all the transistors included 
in the imaging region and the drive circuit region can be formed 
by only one process, which is the process for forming n-channel 
MOS type transistors or the process for forming p- channel MOS 
type transistors. This means that the photodiode unit, the 
amplification unit and so on, which are included in the imaging 
region, suffer less damage during the manufacturing process. 
Therefore, the solid-state imaging apparatus manufactured by 
the stated manufacturing method suffers less damage in the 
imaging region during the manufacturing process, and can reduce 
the noise due to the leakage current in the photodiode unit and 
the characteristic deterioration in the amplification unit 
caused by the damage. 

In other words, the stated manufacturing method can 
manufacture a solid-state imaging apparatus with high quality 
images and less noise during the driving operation that is capable 
of reducing the damage on the photodiode unit and the 
amplification unit, which is a cause of the leakage current in 
the photodiode unit and the characteristic deterioration in the 
amplification unit. 

For realizing high-speed driving of the solid-state 
imaging apparatus , it is preferable in the stated manufacturing 
process for the solid-state imaging apparatus that the MOS type 
transistors formed in the both steps are of n-channel MOS type. 
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The stated manufacturing method can reduce the noise by- 
suppressing the leakage current which occurs during the driving 
operation even when a gate length of each MOS type transistor 
is equal to or less than 0.6 ix m (a design rule for the value 
of the gate length defined to be equal to or less than 0.6 
ju m) . 

Also, the stated manufacturing method is advantageous 
especially when a film thickness of a, gate insulator in each 
MOS type transistor is in a range from 1 nm to 20 nm, because 
it can reduce the leakage current which occurs during the driving 
operation, by forming the MOS type transistors so as to have 
the same channel polarity. 

Further, the stated manufacturing method is advantageous 
especially when an insulator that has a film thickness in a range 
from 1 nm to 2 0 nm and functions as a capacitor is formed between 
a gate electrode of each MOS type transistor and the semiconductor 
substrate , because it can reduce the leakage current which occurs 
during the driving operation. 

Brief Description of the Drawings 

FIG.l is a plan view of a MOS type imaging apparatus 
pertaining to the embodiment of the present invention; 

FIG. 2 is a circuit diagram of a pixel 11 in an imaging 
region 10; 
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FIG. 3 is a circuit diagram of a horizontal shift resistor 
register 2 3 ; 

FIG. 4 is an operation timing chart showing an operation 
of a horizontal shift rcoiotor register 23; 

FIG . 5 is a cross- sect ional view showing a device structure 
of a transistor in a horizontal shift rcoiotor register 23; 

FIG. 6 is a manufacturing process chart of an n-channel 
MOS type transistor; 

FIG. 7 is a manufacturing process chart of an n-channel 
MOS type transistor; 

FIG. 8 is a comparative characteristic diagram showing a 
relation between a conductive type of a transistor and the number 
of leakage electrons in a photodiode; 

FIG. 9 is a comparative characteristic diagram showing a 
relation between a conductive type of a transistor and an S/N 
ratio in an amplifier included in a pixel; 

FIG. 10 shows a circuit diagram of a convent ional horizontal 
shift rcoiotor register ; and 

FIG . 11 is a cross -sectional view showing a device structure 
of a transistor included in a conventional horizontal sift 
resistor . 

Best Mode for Carrying Out the Invention 

The following describes a MOS type imaging apparatus which 
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is an embodiment of the present invention, with reference to 
FIG 1 to FIG. 3. FIG. 1 is a plan view (a block diagram) showing 
an overall structure of a MOS type imaging apparatus 1 as an 
image input device used for a digital camera pertaining to this 
embodiment. FIG. 2 is a circuit diagram of a circuit 11 in a 
region corresponding to an active-type unit pixel of the MOS 
type imaging apparatus 1. (A circuit in a region corresponding 
to an active-type unit pixel is hereinafter simply called a 
"pixel".) FIG. 3 is a circuit diagram of a horizontal shift 
resistor register 23 . 

As FIG.l shows, the MOS type imaging apparatus 1 includes 
an imaging region 10 and a drive circuit region 20 formed on 
ap-type siliconsubstrate (hereinafter called an "Si substrate" ) 
31. Circuits included in the imaging region 10 and in the drive 
circuit region 20 are electrically connected with each other 
with use of a wiring pattern formed on the Si substrate 31. 

In FIG.l, circuits included in the regions 10 and 20 are 
shown as blocks . In practice, however, functional device units 
included in the regions 10 and 2 0 are densely formed on the Si 
substrate 31. 

The imaging region 10 includes six pixels 11 to 16 disposed 
in a shape of a matrix having 2 rows and 3 columns. The drive 
circuit region 2 0 includes a timing generator circuit 21, a 
vertical shift resistor register 22 , a horizontal shift resistor 
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register 23,, a pixel selection circuit 24, and so on. 

Among these, the vertical shift rcoiotor register 22 and 
the horizontal shift rcoiotor register 23 are dynamic circuits . 
They sequentially output drive pulses (switching pulses) to the 
pixels 11 to 16 or to the pixel selection circuit 24 according 
to a signal received from the timing generator circuit 21. 

Also, the pixel selection circuit 24 includes three 
switching devices (not shown in figures) , namely one for pixels 
11 and 12, one for pixels 13 and 14, and one for 15 and 16. They 
are sequentially turned on by receiving pulses from the 
horizontal shift rcoiotor register 23. 

The six pixels 11 to 16 in the imaging region 10 are 
active -type unit pixels, each having an amplification unit . The 
signal charge generated by the photoelectric conversion is read 
from a pixel at a position where a row selected by the vertical 
shift rcoiotor register 22 intersects with a column whose pixel 
selection circuit 24 is turned on. 

The timing generator circuit 21 is a circuit for applying 
a power supply voltage, a timing pulse, and so on to the 
above-described vertical shift rcoiotor register 22 and the 
horizontal shift rcoiotor 22 register 23 . 

Circuit structure of each pixel in the imaging region 10 

The six pixels 11 to 16 are active-type unit pixels, and 
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have the same circuit structure. The following describes the 
circuit structure of a pixel, with reference to FIG. 2, taking 
the pixel 11 as an example. 

As FIG. 2 shows, the pixel 11 includes a photodiode unit 
111 and four transistors (a transfer transistor 112, a reset 
transistor 113 , an amplification transistor 114 , and a select ion 
transistor 115) and so on, formed on the Si substrate 31 . Among 
these, all the four transistors are of n-channel MOS type. 

As FIG. 2 shows, the photodiode unit 111 is a device unit 
having a photoelectric conversion function, which is for 
generating signal charge in proportion to the intensity of input 
light. One end of the photodiode unit 111 is earthed and the 
other end is connected with the source region of the transfer 
transistor 112. 

The transfer transistor 112 is a device unit for 
transferring signal charge generated by the photodiode unit 111 
to a drain region of the transfer transistor 112 itself. The 
drain region functions as a detection unit . A gate electrode 
of the amplification transistor 114 and a source region of the 
reset transistor 113 are connected with the drain region. 

The reset transistor 113 is a device unit for resetting 
the signal charge accumulated in the drain region of the transfer 
transistor 112 in a predetermined cycle. The drain region of 
the reset transistor 113 is connected with the power supply 
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voltage VDD . 

The amplification transistor 114 is a device unit for 
outputting the signal charge accumulated in the drain region 
of the transfer transistor 112 when the selection transistor 
115 is turned on according to signals received from the vertical 
shift rcaiator register 22 and so on. The drain region of the 
amplification transistor 114 is connected with the power supply 
voltage VDD, and the source region of the amplification 
transistor 114 is connected with the drain region of the selection 
transistor 115. 

The source region of the selection transistor 115 is 
connected with the pixel selection circuit 24. 

The gate electrode of the transfer transistor 112, the 
gate electrode of the reset transistor 113 , and the gate electrode 
of the selection transistor 115 are respectively connected with 
the three signal lines coming from the vertical shift rcoiotor 
register 113 . 

Among four transistors 112 to 115, the amplification 
transistor 114 performs a signal amplification function for the 
signal charge in the pixel 11, and the other transistors 112, 
113 and 115 perform a switching function. 

In the pixel 11 having above -de scribed circuit structure, 
the signal charge generated by the photodiode unit 111 with use 
of the photoelectric conversion is accumulated in the photodiode 
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unit 111. The accumulated signal charge in the photodiode unit 
111 is to be transferred to the drain region (detection unit) 
of the transfer transistor 112, and to be output to the gate 
electrode of the amplification transistor 114 , when the transfer 
transistor 112 is turned on based on instruction signals received 
from the vertical shift rcoiotor register 22. 

Receiving the signal charge, the amplification transistor 
114 amplifies the received signal charge. 

The selection transistor 115 performs ON/OFF operations 
based on the instruction signals received from the vertical shift 
rooiotor register 22 . 

The reset transistor 113 eliminates the signal charge 
accumulated in the detection unit, in a predetermined cycle to 
reset the accumulation status of the signal charge in the 
detection unit . 

In the imaging region 10 of the MOS type imaging apparatus 
1, each of the pixels 11 to 16 accumulates the signal charge 
generated by the photoelectric conversion. In one of these 
pixels, which is selected by the selection transistor in each 
pixel and the pixel selection circuit 23 based on the instruction 
signals received from the vertical shift rcaiotor register 22 
and the horizontal resistor 23, the signal charge is amplified 
and output . 
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Circuit structure of the horizontal shift rcoioto^ register 23 

Among circuits 21 to 24 included in the drive circuit region 
20, the following describes the circuit structure of the 
horizontal shift rcoiotor register 23 , with reference to FIG. 3 . 

The horizontal shift resistor register 23 shown in FIG. 3 
is different from the conventional horizontal shift resistor 
register (1 st stage) 50 shown in FIG. 10 in that all the transistors 
are of n-channel MOS type. 

As FIG. 3 shows, the horizontal shift rcoiotor register 
23 includes three stages, namely the 1 st stage 231, the 2 nd stage 
232, and the 3 rd stage 233, so that the number of the stages 
corresponds to the number of columns of pixels 11 to 16 in the 
imaging region. The 1 st stage 231, the 2 nd stage 232, and the 
3 rd stage 233 have the same circuit structure. Therefore, the 
following describes only the circuit structure of the 1 st stage 
231 as an example. 

As FIG. 3 shows, the 1 st stage 231 of the horizontal shift 
rcoiotor register 23 includes four transistors 2311, 2312, 2316 
and 23 17, and a bootstrap capacitor 2313 for bootstrapping. 
Among these, four transistors 2311, 2312, 2316 and 2317 are all 
n-channel MOS type transistors just as the four transistors 112 
to 115 included in the above-described imaging region 10. 

The charging transistor 2311 is an enhancement -mode 
n-channel MOS type device unit which charges the bootstrap 
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capacitor 2313. The gate electrode of the charging transistor 
2311 is connected with a signal line for the start pulse VST. 
The drain region of the charging transistor 2311 is connected 
with the power supply voltage VDD, and the source region of the 
charging transistor is connected with one end (the plus terminal) 
of the bootstrap capacitor 2313. Here, the start pulse VST and 
the power apply voltage VDD are applied by the timing generator 
circuit 21. A drive pulse VI, which is described later, is 
applied by the timing generator circuit 21 as well. 

The source region of the charging transistor 2311 is 
connected with a node 2315 and a drain region of a discharge 
transistor 2316 . The node 2315 is connected wit ha gate electrode 
of an output transistor 2312. 

As to the output transistor 2312, the gate is connected 
with the source region of the charge transistor 2311 via the 
node 2315 as described above , the drain region is connected with 
a signal line for the drive pulse VI, and the source region is 
connected with the other end (the minus terminal) of the boot strap 
capacitor 2313 . The source region of the output transistor 2312 
is connected with the drain region of the discharge transistor 
2317 as well. 

An output node 2314 is disposed between the minus terminal 
of the bootstrap capacitor 2313 and the source region of the 
output transistor 2312, and connected with the imaging region 
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10. 

Source regions of two discharge transistor 2316 and 2317 
are earthed respectively, and the gate electrodes of them are 
connected with an output node 2324 of the 2 nd stage 232. 

The drain region of the output transistor 2322 included 
in the 2 nd stage 232 is connected with a signal, line for a drive 
pulse V2 . 

The circuit structure of the 2 nd stage 232 is the same 
as the 1 st stage 231 except the above -described components. 

Also, the circuit structure of the 3 rd stage 233 is the 
same as the other stages except that the drain region of the 
output transistor 2332 is connected with the signal line for 
the drive pulse VI. 

As described above , the horizontal shift rcoiotor register 
23, whose transistor is formed with only n-channel MOS type, 
includes four transistors and one capacitor for each stage . The 
above-described conventional horizontal shift rcoiotor 
register having the conventional CMOS type structure, which is 
shown in FIG. 11, includes 16 transistors for each stage. 
Meanwhile, the horizontal shift rcoiotor register 23 includes 
fewer functional device units (transistors and a capacitor) , 
namely only five in total. 

Therefore, the horizontal shift rcoiotor register 23 can 
gain the same or even higher drive speed than the high drive 
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speed of the horizontal shift rcoiotor register of CMOS type 
shown in FIG . 10 . This is realized by designing a circuit in such 
a manner that the number of necessary functional devices is to 
be reduced. 

Drive operation of the horizontal shift ^ caiotor register 23 

The following describes the drive operation of the 
horizontal shift rcoiator register 23 having the above -described 
circuit structure, with reference to FIG. 4. FIG. 4 is a drive 
timing chart of the horizontal shift rcaiotor register 23. 

As FIG. 4 shows, in the horizontal shift resistor 23, the 
charging transistor 2311 is turned on when a start pulse VST 
(voltage 5(V) ) is applied to the gate electrode of the charging 
transistor 2 311 at a time to . When the charging transistor 2 311 
is turned on, a voltage begins to be applied to the gate electrode 
of -the output transistor 2312, and the output transistor 2312 
is turned on as well. Here, the drive pulse VI, which is input 
to the drain region of the output transistor 2312, is a ground 
potential, and a potential difference, which is the same as the 
power supply voltage VDD, occurs between the both ends of the 
bootstrap capacitor 2313 . As a result, the bootstrap capacitor 
2313 is to be charged until it gains the same voltages as the 
power supply voltage VDD (3(V)) . 

Next, when the drive pulse VI rises up to 3 (V) and is input 
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to the drain region of the output transistor 2312 at a time tl, 
a high voltage HB1 (6 (V) ) , which is the addition of the voltage 
3 (V) of the drive pulse VI and the voltage 3 (V) at the both ends 
of the bootstrap capacitor 2313 , is applied to the gate electrode 
of the output transistor 2312, as a pulse VN11. Accordingly, 
the output node 2314 outputs an operation pulse VN12 having an 
amplitude of 3 (V) as an output pulse Outl to the switching device 
units corresponding to the pixels 11 and 12 in the 1 st column 
for the pixel selection circuit 24. 

Also, the pulse Vnll at the high voltage HB1 is applied 
to the gate electrode of the charging transistor 2321 included 
in the 2 nd stage 232. As a result, the charging transistor 2321 
is turned on. Then, when the charging transistor 2 321 in the 
2 nd stage 232 is turned on, the output transistor 2322 is turned 
out as well . The drive pulse V2 is a ground potent ial . Therefore , 
the bootstrap capacitor 2323 is charged until it gains the same 
voltages as the power supply voltage VDD (3 (V) ) . 

When the drive pulse V2 rises up to 3 (V) and is input to 
the drain region of the output transistor 2322 at a time t2, 
a high voltage HB2 (6 (V) ) , which is the addition of the voltage 
3 (V) of the drive pulse V2 and the voltage 3 (V) at the both ends 
of the bootstrap capacitor 23 23 , is applied to the gate electrode 
of the output transistor 2322, as a pulse VN21. Accordingly, 
the output node 2 3 24 outputs an operation pulse VN2 2 having an 
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amplitude of 3 (V) as an output pulse 0ut2 to the switching device 
units corresponding to the pixels 13 and 14 in the 2 nd column 
for the pixel selection circuit 24. 

Also, the pulse VN21 at the high voltage HB2 is applied 
to the gate electrode of the charging transistor 2331 included 
in the 3 rd stage 233 for performing the same drive operation 
as described above. At a time t3, the output node 23 34 outputs 
an operation pulse VN32 as an output pul se Out 3 having an ampl itude 
of 3 (V) to the switching device units corresponding to the pixels 
15 and 16 in the 3 rd column for the pixel selection circuit 24. 

Also, the operation pulse VN22 from the output node 2324 
in the 2 nd stage 232 turns on the discharge transistors 2316 
and 2317 at the same time. Then, the charged content in the 
bootstrap capacitor 2313 is to be discharged. 

Note that the discharge of the bootstrap capacitor 2313 
may be performed with the drive pulse V2 . 

As described above , the horizontal shift rooiotor register 
23 whose transistors are all n- channel MOS type has fewer 
transistors than the horizontal shift rcoiotor register 50 shown 
in FIG. 11 formed by the conventional CMOS process, but can 
generate and sequentially output the output pulses Outl to 3 
which are free from a voltage drop. 

Therefore, the horizontal shift resistor register 23 
provides an equal performance to the horizontal shift resistor 
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register 50, including the drive speed. 

Note that other than the horizontal shift resistor register 
23, the drive circuit region 20 includes the timing generator 
circuit 21, the vertical shift resistor register 22, and the 
pixel selection circuit 24, and so on, and they can provide an 
equal performance to the counterparts that are designed and 
manufactured based on the CMOS process technology. 

The device structure of the transistor in the MPS type imaging 
apparatus 1 

In the MOS type imaging apparatus 1 pertaining to the 
embodiment of the present invention is characterized in that 
all the transistors included in both the imaging region 10 and 
the drive circuit region 20 are n-channel MOS type transistors. 
The following describes the device structure of the transistors 
with reference to FIG. 5. 

As FIG. 5 shows, a gate insulator 32 made of Si0 2 , which 
is insulative, is formed on the surface of an Si substrate 31. 
The film thickness of the gate insulator 32 is in a range of 
1 (nm) to 20 (nm) , for instance. 

The Si substrate has the p-type characteristic. 

A source region 33 and a drain region 34 are inwardly formed 
on the boundary portion between the Si substrate 31 and the gate 



25 



insulator 32 with an interval. 

A gate electrode 35 made of polysilicon is formed on the 
area on the surface of the gate insulator 32, corresponding to 
the interval between the source region 33 and the drain region 
34. 

As FIG. 5 shows, an n- channel MOS type transistor is formed 
on the Si substrate 31 from three electrodes, namely the gate 
electrode 35, the source region 33 and the drain region 34, and 
the surface part of the Si substrate just under the gate electrode 
3 5 becoming a channel. 

A method for forming the transistor 

The following describes amethod for forming the transistor 
included in the MOS type imaging apparatus 1, with reference 
to FIG . — 6 and FIG . 7 FIGS.6A through 6D and FIGS.7A and 7B . 

By processing the Si substrate shown in FIG . 6A in oxidizing 
atmosphere, the Si substrate shown in FIG.6B made of Si0 2 is 
obtained, on which the gate insulator 32 as an insulator is formed. 

By depositing polysilicon (polycrystalline silicon) in 
a predetermined area on the surface of the gate insulator 32, 
a gate electrode 35 is formed as shown in FIG . 6 FIG. 6C . For 
forming the gate electrode 35, the LPCVD method may be used, 
for instance. 

As FIG. 6D shows , resist films 400 are formed with a desired 
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pattern onboth sides of the gate electrode 35 on the gate insulator 
32 with predetermined intervals. 

As FIG.7A shows, the source region 3 3 and the drain region 

34 are formed by ion implantation of arsenic (As) and phosphorous 
(P) into the Si substrate 31 from the side of surface of the 
gate insulator 32 and by heat treatment for activation. When 
performing the ion implantation, a self -aligning method is used, 
in which the gate electrode 35 also performs a role as resist, 
and therefore the position of the source region 33 and the drain 
region 34 can be determined accurately. 

Finally, by ashing process performed in oxygen plasma, 
the resists 400 are removed, and the transistor is formed on 
the Si substrate 31 as FIG.7B shows. 

Note that the gate insulator 32 between the gate electrode 

35 and the Si substrate 31 in the transistor has a function of 
a capacitor as well. 

Advantages of all the transistors being n-channel MPS type 

As a result of research to find the cause of deterioration 
of image quality during the driving operation, the inventors 
discover that a manufacturing method using the above -described 
CMOS processing technology causes damage during the process to 
region where the amplification unit or the photodiode unit is 
formed or to be formed, and the damage affects the image quality 
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during the driving operation. 

More specifically, in the above-described manufacturing 
method, the two steps for removing the resists, namely steps 
3 and 6, damages the surface of the Si substrate 61 on which 
the transistor in the imaging region is to be formed. This damage 
sometimes causes defects at the bottom parts of the gate 
electrodes 67 and 70 included in the transistor. These defects 
might result in characteristic deterioration, suchas an increase 
of 1/f noise. 

Also, after the gate electrodes 67 and 70 are formed in 
the imaging region, the two steps for removing resists, namely 
steps 11 and 14, sometimes damage the gate insulator 64 on the 
both sides of the gate electrodes 67 and 70 in the imaging region. 
When this happens, a leakage current readily occurs between the 
gate electrodes 67 and 70, the source regions 65 and 68, and 
the drain regions 66 and 69, which lead to an increase of a noise 
in the amplification unit. Especially, the leakage current in 
the amplification unit increases when the gate insulator 32 is 
a thin film of which the thickness is not more than 20 (nm) . 

Further, the four steps for removing resists, namely steps 
3, 6, 11 and 14 damages the surface of the Si substrate 61 on 
which the photodiode unit is to be formed, and this damage becomes 
the cause of the leakage current during the driving operation. 
This leakage current is to be added to the signal generated by 
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the photoelectric conversion, resulting in the deterioration 
of the image quality caused by an increase of pixel defects. 

As described above, in the MOS type imaging apparatus 
manufactured with use of the conventional manufacturing method, 
the imaging region suffers damage during the manufacturing 
process. This damage causes the leakage current in the 
photodiode unit and increases the noise in the amplification 
unit, resulting in the deterioration of the image quality. 

In contrast, in the manufacturing method for the MOS type 
imaging apparatus 1 shown in FIG. 6 and FIG. 7 described above, 
the resists are removed only once in the manufacturing process 
for the transistor. Compared to the above -de scribed 
conventional manufacturing method, the manufacturing method for 
the MOS type imaging apparatus does not include the steps 3 and 
6 for removing resists relating to the formation of the well, 
because the p-type Si substrate 31 is used. The manufacturing 
method for the MOS type imaging apparatus includes only the step 
11 for removing resists relating to the formation of the source 
region 33 and the drain region 34. 

Therefore, the manufacturing method pertaining to the 
embodiment suppresses the l/f noise in the amplification unit 
caused by a defect at a bottom part of the gate electrode 35, 
a leakage current in the amplification unit caused by damage 
of the gate insulator 32 on both sides of the gate electrode 



29 



35, and a leakage current in the photodiode unit caused by a 
defect of the Si substrate 31 at a bottom part of the photodiode 
unit. In particular, the leakage current can be greatly 
suppressed when the gate insulator 32 is a thin film of which 
the thickness is not more than 20 (nm) as well. This shows that 
the MOS type imaging apparatus 1, in which all the transistors 
are formed with n- channel MOS type transistors, has advantages. 

In conclusion, the MOS type imaging apparatus 1 with high 
image quality can be manufactured by the manufacturing method 
pertaining to the embodiment, in which all the transistors in 
both the imaging region 10 and the drive circuit region 20 are 
formed with n-channel MOS type transistors. This is because 
the manufacturing method can suppress the damage on the imaging 
region 10 caused during the manufacturing process. 

Compar at ive expe r imen t 

The following is a performance comparison between the MOS 
type imaging apparatus 1, in which all the transistors in both 
the imaging region 10 and the drive circuit region 2 0 are formed 
with n- channel MOS type transistors, and the conventional CMOS 
type imaging apparatus manufactured with CMOS processing 
technology. 

As to the number of the leakage electrons occurred in the 
photodiode uni t , the leakage electrons occurred in the photodiode 
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unit ina state without input light are read into the gate electrode 
of the amplification transistor (by the transfer transistor) 
to be detected. FIG. 8 shows the result of the detection. 

Assuming that the number of the leakage electrons occurred 
in the photodiode unit of the conventional CMOS type imaging 
apparatus is 1, the number of the leakage electrons occurred 
in the photodiode unit of n- channel MOS type imaging apparatus 
is 0.82, as FIG. 8 shows. That is, the number of the leakage 
electrons is reduced by 18%. 

As to he S/N ratio in the amplification unit (the 
amplification transistor) , the S/N ratio is measured in a camera 
manufactured so as to include the solid-state imaging apparatus, 
with use of an S/N measuring instrument. FIG . 9 shows the 
measurement result . 

As FIG. 9 shows, the S/N ration in the amplification unit 
is 57dB in the n-channel MOS type imaging apparatus, whereas 
the S/N ratio is 54dB in the conventional CMOS type imaging 
apparatus, which means that the n-channel MOS type imaging 
apparatus has 3dB advantage. 

As described above, the MOS type imaging apparatus 1, in 
which all the transistors on the Si substrate 31 are formed with 
n-channel MOS type transistors, has advantages of two 
characteristics over the conventional CMOS type imaging 
apparatus, namely the number of the leakage electrons occurred 
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in the photodiode and the S/N ratio in the amplification unit. 
This is because the photodiode unit and the amplification 
transistor suffer less damage in the manufacturing process. 

In conclusion, as the above-described result of the 
comparison shows, the MOS type imaging apparatus 1 pertaining 
to the embodiment has a characteristic that realizes high- quality 
images, because all the transistors in both the imaging region 
10 and the drive circuit region 20 are formed with n-channel 
MOS type transistors, in which less leakage current occurs in 
the photodiode unit during the driving operation, and less noise 
occurs in the amplification transistor. 

Supplementary explanations 

Note that the above-described embodiment is an example 
for explaining the characteristics and the advantages of the 
present invention. Therefore, the present invention is not 
limited to the example except that all the transistors in the 
apparatus are formed with n-channel MOS type transistors, which 
is the essential characteristic. 

For instance, as to the number of the pixels in the imaging 
region and the arrangement of the pixels, the structure of the 
pixels is not limited to the above -described structure having 
2 rows x 3 columns. Also, other circuits may be included in 
the drive circuit region in addition to the above-described 
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circuits 21 to 24. 

Also, the circuit diagrams shown in FIG. 2 and FIG . 3 are 
examples as well. Other circuit structures in accordance with 
the intended use of the apparatus may be employed. 

Further, a device isolation unit made of a dispersive 
oxidized film and so on maybe formed between adj acent transistors 
Note, however, that the photodiode , the amplification transistor 
and so on should be protected against damage in the process for 
manufacturing the device isolation unit to prevent the noise 
which occurs during the driving operation. 

In the above-described embodiment, an Si substrate having 
the p-type characteristics is used. However, the Si substrate 
having p- type wells , which are formed on where those are required, 
may be used. An SOI (Silicon on Insulator) may be used as well . 
This is effective in improving the isolation between the 
functional portions and between the circuits. 

Industrial Applicability 

The solid-state imaging apparatus pertaining to the 
present invention and the manufacturing method for the same are 
effective in realizing a solid-state imaging apparatus with 
reduced leakage current during the driving operation and 
high-quality images . 
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